Introduction
Oxygen electrocatalysis is one of the key process limiting the efficiency of energy conversion devices such as fuel cells, electrolysers and metal-air batteries. [1] [2] In particular, the oxygen reduction reaction (ORR) is commonly associated with slow kinetics, requiring high overpotentials and high catalyst loadings. Current research activities are also focused on the development of non-noble metal electrocatalysis such as transition metal oxides. 9, 10 A number of studies have shown that Mn-based transition metal oxides are among the most catalytically active for the ORR in alkaline solutions. [3] [4] [5] [6] However, the parameters determining the reactivity of Mn sites in this complex systems remains a subject of discussion.
In the case of perovskites oxides (ABO3), the key active site is determined by the Bcation. A multiplicity of parameters have been linked to electrocatalytic activity such as the nature of the A-site, d-orbital occupancy in the B-site, oxidation state, A-site surface segregation, oxygen vacancies, particle size and morphology. [7] [8] [9] [10] proposed that single occupancy of eg orbital gives the highest ORR activity, 3 which appears to be supported by DFT studies reported by Calle-Vallejo and co-workers. 7 However, recent studies by Celorrio et.al. showed that the B-site orbital occupancy may change under operational conditions, concluding that Mn-sites are uniquely active as they undergo changes in oxidation state in the region close to the formal ORR potential. 11 This point has also been recognized by other groups. [12] [13] The orbital occupancy of Mn can be influenced by the cations occupying the A-site, which might lead to tuning the activity of the catalysts. 5 Celorrio et al. also demonstrated that increasing the amount of Ca 2+ in La1-xCaxMnO3 not only increases the Mn oxidation state, but also decreases the average activity. 
Experimental
La1-xTexMnO3 were synthesized employing an ionic liquid precursor based on the methodology described in previous studies. 5, 11, 15 Powder X-ray diffraction was carried out on a Bruker D8 Advance using Cu Kα radiation. Experiments were run between 10 and 80 degrees, using a step size of 0.02 degrees.
The XRD pattern were refined by the Rietveld method using the FULLPROF program. [16] [17] The following parameters were refined: scale factor, background coefficients, zero-point error and positional coordinates. The isotropic thermal factors for all the atoms were fixed to a standard value of 1 Å 2 . No cation deficiency was detected in the case of LaMnO3, thus the occupancy factors were fixed to 1. For La1-xTexMnO3, the occupancy factors for La and Te were also refined. Scanning electron microscopy was carried out on a JEOL SEM 5600LV scanning electron microscope. Transmission electron microscopy was carried out on a JEOL JEM1400Plus instrument.
XPS was carried out at the Bristol NanoESCA Facility equipped with Argus spectrometer working at a base pressure of 4.0 10 -11 mbar. Core level photoemission spectra were acquired in grazing incidence, i.e. 45° between the sample surface and the normal of the electron analyzer, with a monochromatic Al Kα (1486.7 eV), pass energy of 20 eV at room temperature. The binding energy scale was referenced on the carbon C 1s photoemission line.
Cyclic voltammetry was carried out in argon saturated 0.1 M KOH solution using a glassy carbon working electrode, graphite counter electrode, and Hg/HgO reference electrode.
Linear sweep voltammetry employing a rotating ring-disc electrode were carried out in O2 saturated 0.1 M KOH solution using an ALS rotation controller, and an Ivium compactstat potentiostat. A glassy carbon disk (0.126 cm 2 ) and a Pt ring were used in all experiments.
Working electrodes were prepared via a two-step drop casting process. First, an aqueous Vulcan/Nafion suspension was dropped onto the surface of the electrode, followed by an aqueous suspension of the metal oxide nanoparticles. The sample loading on the electrode surface was 50 µgvulcan cm -2 , 50 µgnafion cm -2 and 250 µgoxide cm -2 .
Results and discussion Figure 1a shows the XRD patterns of LaMnO3, La0.90Te0.10MnO3 and La0.77Te0.23MnO3
as well as well as the result of the Rietveld refinement employing a rhombohedral lattice with the space group R3-c. LaMnO3 and La0.90Te0.10MnO3 are characterized by high degree of phase purity, whereas La0.77Te0.23MnO3 exhibit a small peaks (marked as *) associated with an unidentified secondary phase. Ionic liquid precursors incorporating higher Te content yield multiple phases, in agreement with previous studies. 18 Structural parameters were obtained by the Rietveld method and can be found in Table S1 Figure 1c shows the nanoscale dimensions of the particles (SEM and TEM images of the other oxides can be found in Figure S1 and S2 of the Supporting Information, respectively). Particle size distributions obtained from measuring at least 80 particles can be found in Figure S3 , revealing a slight solution of the carbon-oxide composite electrodes, revealing a two-step reduction from the initial Mn oxidation state to Mn 2+ . 5, [11] [12] The position of the peak centered at 0.90 V remains almost unaffected, while the second reduction peak is slightly shifted towards higher potentials upon increasing Te content. The most striking difference is in the current densities, with both In any case, Table S3 shows that both limiting cases provide values within the same order of magnitude.
The data in Table S3 shows the Mn is 40 to 60% smaller in the Te doped samples. In view of the similar extent of A-site surface segregation, the smaller Mn values in the case of the Te containing particles is mainly linked to smaller specific surface area. Although the mean particle size increases with increasing Te content, we see statistically similar Mn in for both
Te containing oxides. This is due to the fact that size dispersion also increases in substantial fashion as shown in figure S3 . It should also be mentioned that Mn in LaMnO3 prepared at 850°C (this report) is lower than those prepared at 700°C from the same ionic liquid precursor, 5, 11 confirming that calcination temperature is an important parameter to determining A-site segregation. 
where n is the number of transferred electrons, A is the disk geometric area, F is the Faraday constant, c is the bulk oxygen concentration (1.2·10 -6 mol cm -3 ), 27 D is the oxygen diffusion coefficient (1.9·10 -5 cm 2 s -1 ), ν is the kinematic viscosity (0.01 cm 2 s -1 ), and ω is the angular rotation of the electrode. ik and iL are the kinetically and mass-transport limiting currents, respectively. It can be observed that LaMnO3 (Figure 5a) shows a linear dependence, with a slope consistent with n= 4. 5, 11 In the case of La0.77Te0.23MnO3 (Figure 5b) , only a slight deviation from n = 4 is observed at high rotation rate.
The HO2 -yield (2 e-electron process) as a function of potential was calculated from the ring and the disk current values at 1600 rpm ( Figure S7a ). The Vulcan support shows almost 100% HO2 -yield between 0.2 and 0.6 V, while LaMnO3 and both Te-doped catalysts exhibits less than 30%. The pathway selectivity can also be described in terms of the effective number of electrons shown in Figure S7b . The Vulcan support yields values close to 2, increasing to values above 3.4 upon introduction of the oxide catalysts.
These findings suggest that LaMnO3 exhibits better performance than the Te doped under the specific catalyst formulation used, i.e. at equivalent mass loading. However, it should also be considered that mean particle sizes and size dispersion are composition dependent, which have an effect on the overall catalysts performance. Furthermore, XPS data show an increase in the A-site segregation in the presence of Te, although the surface composition remains dominated by La 3+ . In order to account for these parameters, the kinetically limiting current can be normalized by Mn, i.e. îk = ik/(A×Mn). We rationalize this early trend in terms of changes in the electron density at Mn sites.
Incorporating 10% Te in the A-site, most probably in a 4+ oxidation state, effectively increases the electron density at the B-site, leading to an enhancement in the catalytic activity for ORR.
Indeed, the slight shift in the binding energy of the Mn 2p3/2 peak suggests a decrease in the oxidation state on Mn sites in the presence of Te (figures 2 and S4). A similar correlation have been recently reported in the case La1-xCaxMnO3. 
